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VOR/VCWTAC EQUIFMENT REPU(IEMENT AND ~ C I L I T Y  mmIzmcw 
PAWr 6 - DME/?aCAN TRANSPONDER EQUIPMENT 

6-1 SCOPE AND CLASSIFICATION 

6-1.1 Scope o f  P a r t  6.- This  P a r t  6 is me of a group of  s p e c i f i c a t i o n  
documents under t h e  basic heading VOR/VOIITAC Equipment Replacement 
and Mcdernizat ion,  each of  which carries t h e  basic number FAA-E-2678 
wi th  a s l a n t  l i n e  and number correspa-ding to t h e  P a r t  number. Th i s  
P x t  6 cove r s  r e q u i r e m n t s  f o r  [ME/TACAN Transpcoder Q u i p r e n t  to be 
fu rn i shed  as part of  sets of  e q u i p n t  as def ined  in P a r t  1 o f  t h i s  
spec i f  icat ion  (FAA-E-2678/1) . 
6-1.2 L imi t a t ions  of  P a r t  6. - ' Ih is  P a r t  6 does not  m p l e t e l y  d e f i n e  
t h e  requirements  f o r  p h y s i c a l  and electrical i n t e r f a c e  with o t h e r  
equipnent  e l e n e n t s  o w e r e d  under o the r  parts of t h e  s p c i f i c a t i o n  t h e s e  
being t h e  r e s p c w i b i l i t y  o f  t h e  des igner  of t h e  m n p l e t e  system. Addi- 
t i o n a l l y ,  c e r t a i n  r e q u i r e m n t s  are def ined  o n l y  through r e fe rence  to  
o t h e r  parts of the s p e c i f i c a t i o n .  

6-1.3 C l a s s i f i c a t i o n . -  ?\ro types and ha conf igu ra t ions  of  equipnent 
are covered by t h i s  s p e c i f i c a t i o n .  

&A&. J-my&irThe ha types of  equipnent  are 

6-1.3.2 Ccnfiqurat ion.-  The two conf igu ra t ions  
Type are S i n g l e  and Dual. 

CME Transponder and 

a p p l i c a b l e  to each 



6-2 APPLICABLE IXCUMXE 

6-2.1 FAA Specifications.- 

FAA-E-2678/1 Part 1 General Requirmnts 
FAA-E-2678/2 Part 2 Battery Charger Power Supply (BCPS) 
FAA-E-2678/3 Part 3 Facility Central Processing Unit (FCW) 
FAA-E-2678/4 Part 4 VOR Transmitter Equipment 
FAA-E-2678/7 Part 7 ~ / T ~  mni tor Equipment 
FAA-E-2678/8 Part 8 Facility Control and Transfer Equipment 

(KT) 

6-3.1 Equipment to be furnished by the contractor.- Each set of equip 
ment, shall be complete and in accordance with all specification require- 
ments and shall include the items tabulated below. Each set of equipment 
shall be ccanpletely wired and ready for operation upon connections 
of power, external control cables, external antenna cable, and when 
interconnected with other equipment units comprising a set of ground 
station equipment as defined in Paragraphs 1-3.1.3 through 1-3.1.6 
of Part 1 of this specification Each set of equipment shall be tuned 
and adjusted for operation on a channel assigned in accordance with 
the provisions contained in the contract schedule prior to shipment 
(See Table I of Part 1 for channel frequencies and pairings.) Instruction 
books in accordance with FAA-D-2494/: and FAA-D 2494/2 shall be fur- 
nished in quantities specified In the contract schedule. 

6-3.1.1 Single CME.- Each single DME shall consist of the components 
described in paragraphs 6-3.4 through 6-3.4.7.1 less 6-3.4.6 (Reference 
Group Generator mule). 

6-3.i.2 Dual CLVIE.- Each dual shall consist of two separate and 
identical quipments as defined In 6-3.1.1 above. 

6-3.1 3 Sinqle TK2W.- Each single TACAN shall consist of the com- 
ponents described in paragraphs 6-3.3.1 through 6-3.4.7.1 and a separate 
TEY3AN Final Amplifier (6-3.4.7.2). 

6-3.i.4 Dual TACAN.- Each dual TACAN shall consist of two separate 
and identical. equiprents as defined in 6-3.1.3 above (except that only 
one TKAN Final Amplifier (6-3.4.7.2) shall be required) 

6-3.2 Definitions.- (See also paragraph 1-3.2 et seq of Part 1). 

6 3 2.1 Interrogation signal - The term "interrogation signal", as 
used herein, denotes a signal having the characteristics identified 
in the subparagraphs below: 

6.3.2.1.1 Radio frequency.. The center radio frequency of the inter- 
rogation signal is within 0.01% of the interrogation frequency listed 
in Table I of Part 1 for the channel in use, 



6-3.2.1.2 Radio frequency pllse spectrum.- The rf spectrum of  t h e  
l n t e r r o g a t i c n  signaL 1s sucb that not less than 87.5% of  the energy 
i n  each pulse  is within a 500 KHz band centered  on t h e  channel i n t e r -  
rogat icn  s i g n a l  frequency ard i n  which each a d d i t i c n a l  lobe  of  t h e  
spectrum is of lesser amplitude than the adjacent  lobe nearer  the 
channel frequency . 
6-3.2.1.3 RF pu l se  shape*- The r f  envelope of  each pulse ,  as de tec ted  
by a l l n e a r  de t ec to r ,  has a shape f a l l i n g  wi th in  t h e  l i m i t s  set f o r t h  
i n  t h e  subparagraphs hereto.  

6-3.2.1.3.1 Pulse  rise time.- The pllse rise time £ran t h e  10 percent  
po ln t  to t h e  90 percent  p o i n t  of t h e  maximum vol tage  amplitude cn the 
leading  edge of  t h e  pulse  is not less than 0.2 u s  (microsecond) nor 
more than  3.0 us. 

6-3.2.1.3.2 Pulse  top,- The ins tan taneous  amplitude of the pu l se  does 
not ,  at any I n s t a n t  between t h e  po in t  on t he  leading edge which is 
95% of t h e  maximum vol tage  amplitude and the  p i n t  m t h e  t r a i l i n g  
edge which is 95% of the maximum vol tage  amplitude, f a l l  helm a value 
which is 95% of  the  maximum vol tage  amplitude. 

6-3.2.1.3.3 Pulse  duration.- The pu l se  dura t ion ,  £ran the  50 percent  
pomt of the maximum vol tage  amplitude an the  leading edge of the pu l se  
to the 50 percent  p i n t  of t h e  maximum vol tage  amplitude cn t h e  t r a i l i n g  
edge of the pulse, is 3.5 + 0.5 us. 

I 

6-3.2.1.3.4 m e  decay time.- The pu l se  decay time, frcm t h e  90 per- 
c e n t  po ln t  to t h e  10 percent  p o i n t  of t h e  maximum vol tage  amplitude 
on t he  t r a i l i n g  edge of  the pulse  is not less than 0.2 u s  nor g r e a t e r  
than  3 . 5 ~ s .  

6-3.2.1.4 Pulse d i n g . -  Pulses  a r e  coded i n  p a i r s  with a spacing 
as measured between t h e  50% maximum v o l t a s e  m l i t u d e  m i n t  an t h e  
leading  edge of t h e  f i r s t  r f  pu l se  to t h e ~ c o r r e s p o n d i ~  po in t  cn t he  
l e d i q  edge of t h e  seccnd r f  pulse ,  of  (a) 12.0 + 0.5 us  f o r  channel 
numbers ending i n  t h e  s u f f i x  "X", or (b) 36.0 + 03 u s  fo r  channel - 
numbers ending i n  the s u f f i x  "Y". 

6-3.2.1.5 In t e r roga t ion  rate.- The p l s e  p a i r  r a t e  fo r  each in t e r -  
rogat lcn  signal. 1s not  less than  10 nor more than  150 pulse  pairs per 
second. 

6-3.2.2 N o t  used. 



6-3.2.3 Transpmder reply delay time.- For the purposes of this specif i- 
cation, reply delay tune 1s detlned as the time in microseconds of 
a l l  delay introduced by circuitry of the transponder equipnent in 
transmitting a pair of reply pulses i n  respcnse to an interrogation 
signal. The reply delay time is measured £ran the 50% maximum voltage 
amplitude p i n t  c n  the leading edge of the f i r s t  constituent rf pulse 
of Lhe interrogation pulse pair to the corresponding p i n t  on the f i r s t  
constituent rf pulse of the reply pulse pair. (Note that f i r s t  pllse 
timing is involved which w i l l  require retention of the time of the 
50 percent anplitude p i n t  of the leading edge of the f i r s t  pulse 
pending decode or pulse spacing validation. The naninal values of 
reply delays are 50 u s  for "X" channel and 56 u s  for "Y" channel). 

6-3.2.4 Squitter.- Randcxnly occuring p l s e  pairs generated within 
the transpQlder as required to maintain a constant total output pulse 
count (exclusive of azimuth reference pulses i n  the case of TACAN) 
of 2700 + 90 pulse pairs per second. As the n w e r  of replies to 
aircraft-interrogations increases, the number of squitter pulses is 
automatically reduced to maintain the total output pulse count a t  the 
specified level. 

6-3.2.5 Auta-natic Gain Reduction (AGR).- A feature of the transpcnder 
which autanatically reduces the sensitivity of the receiver to limit 
the number of replies to interrogations to a specified maximum (presently 
2700 + 90 pulses per second). 

6-3.2.6 Receiver sensitivity.- That level of interrogation signal 
as masured at  the antenna input terminals of the sround station trans- 
ponder which results in  70% replies to the interrGation signal. The 
terms "receiver sensitivity" and "receiver threshold triggering level" 
are often used interchangeably. (See 6-3.2.7 belm. ) 

6-3.2.7 Receiver threshold trigqer ing level. - (See 6-3.2.6 abwe. ) 
'As used herem reters to the receiver sensitivity i n  the absence of 
t ra f f ic  loading resulting i n  X R  or reduction i n  reply efficiency due 
to echo suppression blanking. 

6-3.2.8 Reply efficiency.- The percentage of replies provided by the 
transpcnder to an interroqation siqnal of a qiven level. The maximum 
reply-efficiency is limited by the-number of-receiver mtput pulses 
(squitter plus replies) and the receiver dead time and additionally 
( i n  the case of T A W )  by the priority of transmittal of azimuth ref- 
erence pulses. 

6-3.2.9 Receiver dead-time.- A period of time (ncrminally 60 u sec) 
toumlng the de~odlng or an interrogation pulse pair (and enccmpassing 
the time cccupied by the transmittal of a reply pulse pair) during 
which the receiver is prevented £ran decoding a following interrogation 
pulse pair. 



6-3.2.10 Echo suppression.- A f e a t u r e  of t h e  t r anspmder  intended 
?zo prevent  m u l t i p l e  r e p l l e s  as the r e s u l t  of echoes i n  the in te r roga-  
t i o n  ( a i r - t o g r o u n d )  path.  

6-3.3 Fquipment b a s i c  requirements.- (See paragraph 1-3.3 et  seq  of 
Part 1). 

6-3.3.1 Equipnent phys i ca l  ae s ign  and packaging.- (See paragraph 1- 
3.3.1 ot P a r t  1) DE equipnent  ( imludir-g m i t o r ( s ) ,  P a r t  7)  shall 
be designed fo r  m u n t i n g  i n  a s i n g l e  cabine t .  A maximum of two (abut- 
t i n g )  c a b i n e t s  may be u t i l i z e d  f o r  'rZU=AN equipnent.  Arrangement o f  
u n i t s  wi th in  the cab ine t  (s) s h a l l  f a c i l i t a t e  conversion £ran a s i n g l e  
to chial ccn f i c ju ra t im  and £ran  a CME system to a ?aCAN system with 
a m i  i ~ l m r n ~  ,munt .  of q u i p n e n t  relclzation or  re-connection. 

6-3.3.2 M d u l a r  construct ion.-  (See also paragraph l.-3.3.1.3 of  P a r t  
1). Convers lm t r a n  CME to ?aCAN o p e r a t i m  (except  f o r  a d d i t i m  of 
the 'i]AW< F i n a l  Amplifier and associated adjustments i f  requi red)  s h a l l  
be accunplished s o l e l y  by the  add i t i on  of a s i n g l e  plug-in Reference 
Group Generator nx>dule. 

b-3.3.3 C.C. Input  voltage.- See paragraph 1-3.3.3 of P a r t  1. The 
equlpent con t r ac to r  shall e s t a b l i s h  desiqn cen te r  vo l taqes  and toler- 
ances in  mnjunct-.ion wi th  h i s  &sign of the B a t t e r y  charger P m e r  Supply 
(BCPS) of P a r t  2 of t h i s  s p e c i f i c a t i o n .  

6--3.7-4 : i t a b i l l z a t i o n  of performance c h a r a c t e r i s t i c s . -  See paragraph 
- 1 3.4.1..3 of: P a r t  1. The ewlpment  con t r ac to r  s h a l l  e s t a b l i s h  per- 

fonnarnce requ i r e ren t s  for  t6e k a n s p m d e r  ( a s  well as  fo r  o therL ind iv idua l  
units of the  system) as required to m e e t  the  o v e r a l l  requirements of  
p r a g r a p h  1-3.4.1.3. 

6-3.3.5 R e l i a b i l i t y . -  See paragraph 1-3.5.1 o f  P a r t  1. 

6-3.4 T r a n s m d e r  &sign f u n c t i o n a l  and performance requirements.- 
me transponder when apera ted  In conlunct lcn  wlth a L.BW or r l a ~ r a n t e n n a  
(antenna kt required k be furn ish& under t h i s  s p e c i f i c a t i o n )  s h a l l :  

(a) procfuce and r a d ~ a t e  north and a u x i l i a r y  re ference  burst s i g n a l s  
In respon-se to t im ing pu l se s  provided by the  antenna I'IAW 
wJ-Y) ; 

(b) produce and r a d i a t e  i n t e r n a t i o n a l  Mxse Code i d e n t i f i c a t i o n  
s igna l s ;  

(c )  rece ive  and decxde i n t e r r c q a t i o n  s i g n a l s  and, i n  response there-  
to, r a d i a t e  a p rope r ly  coded r ep ly  pu l se  p a i r  a£ t e r  a s p e c i f i c  
r ep ly  delay time; and 



(d)  produce and rad ia te  randan pulse  p a i r s  in addi t ion  to those 
of (c) above, s u f f i c i e n t  i n  number to maintain a total output  
pulse  count (exclusive of T A M  azimuth reference pulses ,  (a)  
above) of 2700 + 90 pulse p a i r s  per second. - 

The f o l l m i n g  paragraphs iden t i fy  requirements for  the  transponder 
equipnent ard associated c i r c u i t r y .  

6-3.4.1 Qprating channels.- Transpmders s h a l l  provide the spec i f i ed  
performance cn each of the channels and modes (X or Y) l i s t e d  i n  Table 
1 of P a r t  1 when the proper frequency channel is selected by means 
of the frequency synthesizer  (paragraph 1-3.3.10.3 of P a r t  1). (Except 
as may be permitted in 6-3.4.1.1 and 6-3.4.1.2 below no other  ac t ion  
s h a l l  be required to change channels.) 

6-3.4.1.1 Broad band operation,- Unless otherwise spec i f i ed  i n  the  
con t rac t  or request f o r  praposal  one s ing le  design s h a l l  be u t i l i z e d  
fo r  each KF' device to cover operat ion m any se lec ted  channel. 

6-3.4.1.2 RE' tuning.- Unless otherwise provided in  the  con t rac t  or 
request  fo r  p r c p s a l  each KF' device shall be capable of o p e r a t i q  on 
any channel assignment within its design range (6.3.4.1.1 above) with- 
out  the  need for  retuning. A receiver  p r e a m p l i f i e r  ( i f  used) s h a l l  
be exempt £ran t h i s  requirerwnt. 

6--3.4.1.3 Channel frequency accuracy and s t a b i l i t y . -  See paragraph 
1-~.3.10.~ of  P a r t  1. 

6-3.4.1.4 FF pulse  paramters . -  RF pulse  parameters s h a l l  be based 
m l l nea r  detecticn of the  M' envelope (s) of the  pulses. Reply pulse  
spacing and shape s h a l l  be as measured a t  the  cutput  of the  t r ansmi t t e r ,  
and reply delay s h a l l  be measured as defined under 6-3.2.3. (While 
c e r t a i n  requirements cn permitted v a r i a t i o n  and s t a b i l i t y  may be con- 
tained here inaf ter  under a s p e c i f i c  func t iona l  heading m o s t  d i r e c t l y  
associa ted  with the  required performance, the  s t a t e d  requirement s h a l l  
nevertheless apply to the  transponder as a whole.) 

6-3.4.2 Dup1exer.- A duplexer s h a l l  be provided to permit simultaneous 
opera t icn  oi the  receiver  and t ransmit ter  when connected to the  s i n g l e  
antenna. The duplexer s h a l l  be of the  passive type. N o  adjustment 
s h a l l  be required in order to achieve the performance required through- 
o u t  the band of frequencies l i s t e d  in Table I of  P a r t  1. 

6-3.4.3 Receiver and associated video c i r c u i t r y .  - A l l  performance require- 
ments spec i f l ed  he re ina f t e r  which lnvolve in te r roga t ion  s i s n a l ( s 1  s h a l l  
be met h e n  the  s igna l s  have any a m b i n a t i o n  of c6a rac te r i&ics  defined 
under paragraphs 6-3.2.1 through 6-3.2.1.5 and, unless otherwise indica ted ,  
have any value £ran threshold t r igger ing  l e v e l  to not less than -10 dBrn as 
referenced to the  transponder antenna transmission l i n e  connector. 



6-3.4.3.1 Receiver bandwidth and stability.- The bandwidth of the receiver 
and the stability thereof shall be such that the threshold sensitivity 
is not reduced by m r e  than 3 dB when the total receiver drift in either 
direction is added dlrectly to an interrogation slgnal frequency deviation 
of 100 KHz in the apposite direction. 

6-3.4.3.2 Receiver decoder.- m e  decoder shall decode and produce 
an output pulse from interrogation signal pulse pairs occurring at 
spacings within the range of: 

(a) 12 + 0.5 us for channel numbers ending in the sufflx "X" or - 

(b)  36 + 0.5 us for channel numbers ending Ln the suffix "Y". - 

Decoding of a single pulse shall not occur. 

6-3.4.3 3 Fteceiver dead time.- Each decoded pulse (6-3.4.3.2) shall 
result in the generation of a dead time interval during which time 
the transponder shall not reply to any other signals at any and all 
levels up to -10 dBm The dead time interval shall be adjustable 
throughout the range of 50 to 150 us. With the exception of the number 
of decoded receiver noise pulses permitted under 6-3.4.3.9, dead time 
shall only be generated by received and decoded interrogation pulse 
pairs. 

6-3.4.3.4 Receiver recovery time.- 'fie recovery time of the receiver 
and its associated video circuitry shall be such that the sensitivity 
to desired interrogations is not reduced by more than 1 dB when desired 
interrogations occur 8 us and mre after the reception of undesired 
pulses having all levels up to 60 dB abve the sensitivity of the 
receiver in the absence of such undesired pulses. The desired inter 
rogations shall be rf pulse pairs conforming to the characteristics 
specified in paragraph 6-3.2.1 et seq and the undesired pulses shall 
conform to the same requirements except that the pulse spacing shall 
be outside the limits of 6-3.2 1 4 (such that dead time is not generated) 
The 8 us spacing shall be rreasured between the 50 percent voltage pint 
on the leading edge of the second pulse of the undesired pulse pair 
and the corresponding pint on the leading edge of the first pulse 
of the desired pulse pair. 

6-3.4.3.5 Echo suppression.- Echo suppression shall be provided in 
accordance with the following subparagraphs. 



6-3.4.3.5.1 S b r t  d is tance  echoes.- Synchronous pulse s igna l s  cccurring 
between the cons t i tuen t  pules of a d i r e c t  path in te r roqa t i cn  pulse  
p a i r  and which a r e  a l s o  super impc6ed an the leading or - t r a i l i &  edge 
of the  secord pulse of the  d i r e c t  path pulse p a i r ,  s h a l l  not a f f e c t  
the t i m e  of decoding of the  d i r e c t  pulse  pa i r  by an amount i n  excess 
of 0.15 us. Neither s h a l l  the  reply e f f i c i ency  be reduced by more 
than 10 percentage po in t s  from t h a t  measured in the  absence of the  
ecb pulse. These requirements s h a l l  be met when the r f  input s i g n a l  
lwel of the  d i r e c t  path pllse pa i r  has any l e v e l  £ran 10 dB above 
t h r e s b l d  t r igge r ing  l e v e l  to an absolute  l e v e l  of -10 dBn and the  
echo pulse has any l e v e l  up to the  l e v e l  of the  d i r e c t  pulse pair and 
for  a l l  d i r e c t  pulse pair spacings of  6-3.4.3.2 (For test purposes, 
the  echo pulse s h a l l  have a width of 8 us and need not  be r f  phase 
coherent w i t h  the d i r e c t  path i n t e r r o g a t i m  s i g n a l ) .  

6-3.4.3.5.2 Lcnq d is tance  echoes.- A separa te  echo suppression c i r c u i t  
s h a l l  be Provided in order to prevent the  generat icn of mul t ip le  r e p l i e s  
to a i r c r a f t  in ter rogai tons  having echoes which a r e  delayed with respect 
to the d i r e c t  path s igna l  in  excess of receiver  dead time s e t t i n g .  
The echo suppressor c i r c u i t  s h a l l  be t r iggered  by the  decoding of a 
d i r e c t  s i g n a l  pulse pa i r  whenever the  l e v e l  of the  pulses exceeds a 
pre-established l eve l .  Such t r igger ing  s h a l l  r e s u l t  i n  the  generat ion 
of a receiver  desens i t iz ing  pulse s t a r t i n g  a t  the  time of pulse decoding. 
The degree of rece iver  desens i t i za t ion  s h a l l  be to a l e v e l  o f  3.0 t 
3 dB above the  l e v e l  of the d i r e c t  path s i g n a l  and s h a l l  hold over- 
the  e n t i r e  durat ion of the  echo suppression pulse,  unless re t r iggered  
by a s i g n a l  s tronger by 0 to 6 dB than the  d i r e c t  path s igna l ,  and 
wer a range of input  s igna l s  frcm 10 dB a b w e  threshold t r igger ing  
l e v e l  to -15 dm. Individual  c o n t r o l s  s h a l l  be provided for :  

( a )  Adjustment of the  t r igger ing  l e v e l  to any l e v e l  between -80 
dBn and -10 dBm ( the  l a t t e r  e f f e c t i v e l y  d isabl ing  the  echo 
suppression f e a t u r e ) .  The t r igger ing  l e v e l  w i l l  naninal ly  
be set a t  -70 dm. 

(b) Adjustment of the  dura t ion  of the  desens i t i za t ion  wer the  
range of 50 through 350 u seconds. The dura t icn  of desens i t i -  
za t ion  w i l l  m i n a l l y  be set a t  150 u sec. 

AL1 s e t t i n g s  s h a l l  be ad jus tab le  v i a  keyboard cont ro l .  

6-3.4.3.6 S t a t i o n  CME t r a f f i c  load mni to r inq . -  Outputs s h a l l  be provided 
tor local and remote m i t o r l q  ot: 

( a )  the t o t a l  number of decoded pulse  p a i r s  per second ( t o t a l  t r a f f i c )  
and, 

(b) the  n u h e r  of e h o  suppression desens i t i za t ion  pulses  (6-3.4.3.5) 
t r iggered  per second (lccal or strong s i g n a l  t r a f f i c )  . 



6-3.4.3.7 Receiver sensitivity.- The receiver sensitivity for a reply 
efficiency of 70 percent shall be in accordance with the followina 
subparagraphs. The measurements shall be referenced to the exter lor 
cabinet connector to which the transmission line to the antenna is 
connected. (The values specified shall apply in the absence of autcmatic 
gain reduction (AGR) paragraph 6-3.4.3.12.) 

6-3.4.3.7.1 On-channel sensitivity.- For interrogation signals having 
a repetition rate of 30 pulse pairs per second and having spacings 
of the constituent pulses of a pair anywhere within the limits of 
paragraph 6-3.4.3.2 the receiver sensitivity in the absence of other 
interrogations, and with a dead time setting of 60 u sec, shall be 
-93 &?XI or better (i.e. the receiver threshold triggering level shall 
be -93 ciBm or lmer). (This value shall apply when the receiver gain 
control of paragraph 6-3.4.3.10 is set to allow the maximum permissible 
number of receiver noise decodes). 

6-3.4.3.7.1.1 Variation with interrajation loading.- The sensitivity 
of the receiver shall not be reduced by mre than 1 dB from the value 
measured in 6-3.4.3.7.1 above when the number of decoded interrogations 
is increased to as m y  as 2700 pulse pairs per second (2000 for "Y" 
Channel) with the echo suppression circuits (6-3.4.3.5.2) disabled. 

6-3.4.3.7.1.2 Triggering level at other pulse spacinqs.- The minim 
triggering level for Cf.IE signal pulses having a spacing of the con- 
stltuent pulse of a pair deviating from the design center value by 
+ 3.0 u sec and mre shall he at least 70 dB higher than the value 
measured in 6-3.4.3.7.1 above. 

6-3.4.3.7.1.3 Desensitization by adjacent channel interrogations.- 
The presence of interrogation signals at + 900 kHz from the on-channel 
frequencies which have pulse d i n g  which-is the same as the assigned 
channel (X or Y) and which occur at rates up to 1000 pulse pairs pee 
second shall not reduce the on-channel sensitivity by mre than 1 dB 
from the value measured in 6-3.4.3.7.1. The requirement shall be met 
when the adjacent channel signals have levels up to -10 dBm. 

6-.3.4 3.7.1.4 Desensitization by CW.- The presence of CW interference 
signal on the assigned channel frequency or elsewhere within the receiver 
pass-band shall not reduce the on-channel sensitivity by m r e  than 
2 dB from the value measured in the absence of LW interference provided 
that the level of the interference is no higher than 10 dB below the 
level of the desired on channel signal. ('This requirement shall be 
met for all settings of the receiver quitter rate control (6-3.4.3.10) 
which result in receiver noise decodes at a rate of no greater than 
10 per second). Additionally, within the range of receiver desensiti- 
zation provided by autanatic gain reduction (6-3.4.3.12) the reply 
efficiency to a single aircraft interrogation shall not be reduced 
by m r e  than 10% when the level of the interrogation signal is 6 dB 
and m r e  above the level of the interfering CW signal. 



6-3.4.3.7.2 Sensitivity to adjacent channel interrogations.-The receiver 
shall not respond to interrogation signals at frequencies +900 kHz 
removed f ran the on-channel interrogation frequency and whTch have 
spacings of the constituent pulses of a pair at the design center 
values for the frequency in use at any level up to -10 dI3m. 

6-3.4.3.7.3 Reply delay time variation.- (See 6.3.2.3.) Reply delay 
time variation shall not exceed the following: 

+0.25 usec wer the range of service conditions with an input - 
signal level having any value between threshold triggering 
level (6-3.2.7) and -79 dBm with an interrogation pulse rise 
time of 2.5 (+ 0.5) usec. - 

+ 0.10 usec wer the range of service conditions with an input - 
signal level of -79 dBm to -10 dBm with an interrogation pulse 
rise time of 0.10 (+ 0.10) usec. - 

A total variation of 0.10 usec with an input signal level of 
minus (-)  60 dBm with variation interrogation pulse rise time 
through the range of 0.20 usec to 3.00 usec. 

A total variation of 0.10 usec with an input signal level of 
minus (-)  60 dBm with variation in interrogation PRF f r m  25 
through 4800 pulse pairs per second with an interrogation pulse 
rise tune of 0.10 (+0.10) usec. - 

6-3.4.3.7.4 Pulse width discrimination.- The receiver shall provide 
a minimum of 70dB of rejection to: 

(a) paired pulses of any spacing, including spacing within the 
range of 6-3.4.3.2, where either pulse has a width of 0.8 us 
or less. 

(b) single pulses on any width including widths within the range 
of pulse spacings of 6-3.4.3.2. 

6-3.4.3.8 Reply efficiency.- Ttm sets of performance requirements 
are specified belm. The first (paragraph 6-3.4.3.8.1) applies when 
the transponder is operated to prwide a maximum number of replies 
to interrogations of 2700 + 90 pulse pairs per second. The second 
(paragraph 6 .3.4.3.8.2) ap$ies when the transponder is operated to 
permit as many as 5000 replies to interrogations. 



6-3.4.3.8.1 Present duty cycle.- In the absence of other interroga- 
tions, the receiver and its asswiated video circuitry shall provide 
a reply efficiency of not less than 85% (80% for "Y" channel) to the 
interrogation of a single aircraft (30 pulse pairs per second) when 
the level of interrogating signal is 10 dB above the threshold sensitivity 
level. In the presence of additional interrogations of 2970 pulse 
pairs per second (3170 for "Y" Channel) having signal levels above 
the threshold sensitivity level, the reply efficiency to the same 
single aircraft interrogation shall not be less than 75% (70% for "Y" 
Channel) with a receiver dead time setting of 60 us and with the echo 
suppression circuit (6-3.4.3.5.2) disabled. (For purposes of derrron- 
stration of compliance the effect of the specified number of interrogations 
may he simulated through the use of one or mre generators prducing 
a total of 2500 decodes per second in the absence of other interrogations.) 

6-3.4.3.8.2 Increased Traffic handling.- The requirements of 6-3.4.3.8.1 
above shall apply. When the number of additional interrogations is 
increased to 7670 pulse pairs per second (9070 for "Y" channel) the 
reply efficiency shall not be less than 60% (50% for "Y" channel). 
(The specified number of interrogations m y  be simulated by 4800 decodes 
per second). 

6-3.4.3.9 Interference suppression.- The following requirements shall 
be met when siqnals at the referenced frequencies are a~plied to the 
antenna transmission line connector at the transponder &cabinet. Signals 
at intermediate frequencies shall be suppressed by not less than 80 
cB. With the exception of the pass band provided to achieve the performance 
required for on-channel and adjacent channel interrogation signals 
and to comply with the requirements of paragraph 6-3.4.3.1, all other 
signals within the 960 to 1215 MHz band and at image frequencies shall 
be suppressed by not less than 75 db. 

6-3.4.3.10 Random squitter pulses.- The video circuitry associated 
with the receiver shall include a separate squitter pulse generator. 
All quitter pulses other than those allowed hereunder to be derived 
from receiver noise shall be derived frcm the separate quitter pulse 
generator. Squitter pulses from the separate quitter pulse generator 
shall not be decoded by the interrogation signal decoder. Further, 
squitter pulses from the separate squitter pulse generator shall not 
prevent the transponder frcm replying to interrogation signals, providing 
the reply delay in "Y" channel operation is a minimum of 50.0 us 
A mntrol(s) shall be provided to permit adjustment of the number of 
squitter pulses derived from receiver noise. 

The receiver sensitivity requirement of paragraph 6-3.4.3.7.1 shall 
be met when the receiver quitter rate control is adjusted to provide 
decoded receiver noise pulses at a rate no greater than 10 per second. 
It shall be possible, by setting the receiver gain control to minimum 
position, to reduce the receiver threshold sensitivity to -60 dBm or 
lwer . 



6-3.4.3.10.1 Priority of reply pulses.- Whenever triggers due to squit- 
ters occur prior to triggers due to decodes at the input of the priority 
gating circuits, the quitter triggers shall be inhibited for all spacings 
between triggers, of 25 us and less in "Xu channel and 10 us and less 
in "Y" channel. The above operation applies for reply delay settings 
of 50 us and greater. Whenever triggers due to decodes occur prior 
to squitter triggers, the squitter triggers will be inhibited for all 
spacings of 25 us and less for "X" channel and 65 us and less for "Y" 
channel. 

6--3.4.3.11 Pulse rate control.- The composite signal at the video 
output terminal of the priority gating circuitry (paragraph 6-3 4.3.10.1) 
shall conslst of decoded interrogation pulses or quitter pulses, or 
both in accordance with the following and paragraph 6-3.4.3.12. The 
squitter pulses from the separate squitter generator shall be automatically 
controiled in number as a function of interrogation signal loading 
(6-3.4.3.11.1). The output pulse spacing distribution of the separate 
squitter generator shall be essentially exponential with a minimum 
spacing of 60 usec. When the squitter pulse generator is providing 
output pulses at the rate of 2700 + 90 per second (in the absence of 
decoded interrogation or reciever noise pulses) the output pulse spacing 
distribution shall be within the limits of Figure 1 (of this Part 6). 

6-3.4.3.11.1 Effect of traffic loading.- For all interrogation rates 
resulting in zero to 2790 receiver decodes per second, the quitter 
pulse generator shall produce not mre than (2790-N) pulses per second 
nor less than (2610-N) pulses per second, where N is the number of 
receiver decodes. For all interrogation rates resulting in excess 
of 2790 receiver decodes per second, the squitter pulse generator 
shall produce no output. 

6-3.4.3.12 Autmtic qain reduction (AGR) .- Under interrogation wer- 
load conditions in which the number of replies to interraation siqnals 
tends to exceed 2700 pulse paxs per second, the receiverdsensitiv~ty 
shall be autmtically reduced by the minimum m u n t  necessary to main- 
tain the receiver output pulse rate of 2700 (+ 90) pulse pairs per 
second. The available gain reduction shall be not less than 35 dB. 
The AGR circuit shall be adjustable (for future use ... when increased 
traffic handling capacity may be required) to operate at any nominal 
level up to a receiver output pulse rate of 5000 - + 150 pulse pairs 
per second. 

6-3 4 3.12.1 Interrogation werload signal.- At all times that AGR - 
is in qperation, a signal shall be provided to the mnitor(s) (Part 
7 of this specification) in order to prevent receiver sensitivity 
alarms at times when the sensitivity of the operation transponder has 
been deliberately reduced due to traffic overload. 



6-3.4.4 Coder and associa ted  c i r cu i t ry . -  C i r c u i t r y  associa ted  with 
the m e r  s h a l l  accanplish gat ing ,  timing and d i n g  of the  d is tance  
rep ly ,  i d e n t i t y ,  and -the north &d a u x i l i a r y  r e f e r e k e  burs t  RF output  
s i g n a l s  produced by the  t ransmit ter .  The coder s h a l l  u t i l i z e  the  decoded 
reply  p l s e  (or q u i t t e r )  cu tpu t s  of the  receiver  (6-3.4.3), north 
and reference burs t  t r i g g e r s  of the  Reference Group Generator Mcdule 
(6-3.4.6 when i n s t a l l e d ) ,  Morse Code keying £ran the  cpera t ing  VOR 
t r ansmi t t e r  or £ran the  CME keyer (6-3.4.5) and 1350 Hz t r i g g e r s  from 
the  TAW antenna (when i n s t a l l e d  and *rating). 

6-3.4.4.1 P r i o r i t y  of transmission.- The order of precedence for  t rans-  
mission ot the cutput  s i g n a l  pulse  s h a l l  be: 

(1) north and a u x i l i a r y  reference burs t  groups; 

(2)  i d e n t i t y  and equalizing pulse  groups; 

(3)  d i s t ance  reply  or q u i t t e r  pulse  p a i r s  

I d e n t i t y ,  equal iz ing ,  d i s t ance  reply  (or q u i t t e r )  pulse p a i r s  s h a l l  
not  be transmit ted during reference groups, nor s h a l l  d i s t ance  reply  
(or q u i t t e r )  p l s e  p a i r s  be transmit ted during the i n t e r v a l  (Morse 
code dot or dash) of transmission of i d e n t i f i c a t i o n  s i g n a l  pulse  groups. 

6-3.4.4.2 Reply Pulse d i n g  .- Reply pulses  s h a l l  be coded in  pairs 
with a spacing as measured befween the  50 percent  maximum voltage amplitude 
point  an the  leading edge of the  f i r s t  r f  pulse  to the  correspmding 
po in t  an the  leading edge of the  second r f  pulse ,  of ( a )  12 (+0.25) 
u s  for  channel numbers ending i n  the  s u f f i x  "X" o r ,  (b) 30 (+0.25) 
u s  for  channel numbers ending i n  the  s u f f i x  "Y". 

6-3.4.4.3 Reply delay.- Means s h a l l  be provided to set the  naninal  reply  
rep ly  delay time to wi th in  0.0625 usec of  any des i red  value between the  
l i m i t s  o f  35 to 51 usec cn "X" channels (46 to 62 usec on "Y" channels) .  

6-3.4.4.4 Azimuth reference bursts.- The ccmposition and dura t ion  
ot north ard aux i l i a ry  re terence  burs t s  t ransmit ted a s  a p a r t  of the  
transponder mposite cutput  s i g n a l  (TACAN only) s h a l l  be as spec i f i ed  
under para.  6-3.4.6. The coder s h a l l  provide p r i o r i t y  (6-3.4.4.1) 
to the transmission of azimuth reference burs t s  whenever input is 
p r w i d d  by the  Reference Group Generator Module (6-3.4.6). C i r c u i t s  
u t i l i z e d  to p r w i d e  the  spacing spec i f i ed  fo r  reply  pulse coding (6- 
3.4.4.2) may a l s  be used to generate the pulse spacings required within 
the  azimuth reference burs t s  to the  ex ten t  f eas ib le .  



6-3.4 4.5 Identification siqnal - The identification signal shall 
consist of a group of four pulses at a basic repetition rate of 1350 
pulse pairs per second. Each group shall consist of two pairs of 
pulses spaced at 12 or 30 usec ("X" or "Y" channel.. .see 6-3.4.4.2) 
separated by 100 +10 usec (first pulse to first pulse) . In the TACAN 
rode of operation-the tire of occurence of the identification groups 
shall be governed by the 1350 Hz tone generator portion of the TACAN 
antenna. In this mde of operation, nine groups of identification 
signal pulses shall be provided, equally spaced, between azimuth refer- 
ence bursts and synchronous therewith through mnmmn derivation £ram 
the 1350 Hz tone generator (each tenth group being suppressed as required 
under 6-3.4.4.1) . A separate, internal 1350 Hz source shall be provided 
for CfvlE operation. The internal source shall have a frequency and 
stability of 1350 +5 Hz. The internal source shall autmtically 
assume oper3tion at all times that the external 1350 Hz tone generator 
input 1s absent (see 6-3 4.6.5.1). The identification signal shall 
only be transmitted during perids of keying (Ivbrse code dot or dash) 
provided by the external VOR keyer or by the internal lXE/TACAI;I keyer 
(6-3.4.5). 

6--3.4.5 Identification keying. Under normal operation identification 
keying of the lXE/TACAN shall be accomplished by means of the identifi- 
cation keyer of the operating VOR transmitter, (see part 4 of this specif ica- 
tlon) resultmg in keylng of the DE/TACAN during each fourth (see 
4-3.3.3. i1,4.2) cycle (approximately once each 30 seconds) during which 
keying of the WR is mi tted. In addition thereto, each LME/TACAN 
transponder shall be provided its own internal keyer to permit operation 
of the DM/TACAN either as on independent facility or to allw the 
M/TX.AN to continue in aperation upon failure of the WR. In the 
event of shutdawn of the WR the internal keyer shall autmtically 
assume the keying function. The internal keyer shall not operate as 
long as the WR transmitter (either VOR transmitter, in a dual configura- 
tion) remains in operation or as the result of interruption of the 
regular cycle of keying due to transfer of VOR transmitters. Means 
shall be provided however for isolation of a DIE/TACAI\J identification 
fault when due to malfunction of a VDR identification keyer or associated 
wiring and switching extend to the M/TACAN equipment, The keying 
characteristics (Morse code mrd and character length, and repetition 
rate) shall be the same as for the WR identification keyer (Part 4) 
except that the DE/TA(3lAN keyer shall key each cycle. 

6-3.4.6 Reference Group Generator 1Wule.- When utilized in conjunction 
with north and auxiliary reference triggers and the output of a 1359 
Hz tone generator provided via a T A W  antenna (Antenna not required 
to be furnished under this specification) the Reference Group Generator 
shall provide the necessary inputs to the coder (6-3.4.4) to generate 
north and auxiliary reference bursts in the composite output of the 
transponder having the following characteristics: 



6-3.4.6.1 North reference group.- The north reference s i g n a l  s h a l l  
consist oi: 

(a)  a group of 12 pulse p a i r s  having a spacing of the  m s t i t u e n t  
pulses  of a p a i r  in accordance with 6-3.4.4.2 ( a )  and a pulse  
p a i r  spacing, as measured between the  50 percent  voltage amplitude 
po in t s  cn the leading edge of the  f i r s t  pulse of each p a i r ,  
of  30.0 + 0.3 micro-seconds fo r  channel numbers ending i n  the  
s u f f i x  "7'; or 

(b) a group of 13 s i n g l e  pulses  having a spacing, as measured between 
the  50 percent  voltage amplitude po in t s  an the leading edge 
of  consecutive plses, of  30.0 + 0.3 micreseconds  for  channel 
numbers ending i n  the s u f f i x  "Y"'. 

6-3.4.6.2 Auxil iary reference group.- The a u x i l i a r y  reference s i g n a l  
s h a l l  c o n s l s t  of: 

( a )  a group of 6 pulse  p a i r s  having a spacing of the  cons t i tuen t  
pulses  of a pa i r  i n  accordance with 6-3.4.4.2 (a) and a pulse  
p a i r  spacing, as measured between the  50 percent  amplitude 
p i n t s  cn the leading edge of the  f i r s t  pulse of each p a i r ,  
of  24.0 + 0.25 microseconds for  channel numbers ending i n  the  
s u f f i x  "K"; or 

(b) a group of 13 s i n g l e  pulses  having a spacing, as measured between 
t h e  50 percent  voltage amplitude p i n t s  cn t h e  leading edge 
of consecutive plses, of 15.0 + 0.25 microseconds for  channel 
numbers endincj i n  the  s u f f i x  "yW. 

6-3.4.6.3 Reference group sequence and timing.- The transponder s h a l l  
provlde north and aux i l i a ry  r e t e r e m e  group outputs  i n  response to 
north and a u x i l i a r y  t r i g g e r  outputs  respect ive ly  (on separa te  cables)  
provided by the  ?aCAN antenna. Tr iggers  a r e  produced by the  mechanical 
r o t a t i o n  of the  antenna (nuninal ly 900 RPM) . One north t r i g g e r  and 
8 a u x i l i a r y  t r i g g e r s  are produced during each r e v o l u t i m  of the  antenna 
with a u x i l i a r y  t r i g g e r s  (approximately) uniformly spaced between north 
t r igge r s .  The exact  time of occurrence fo r  the  s t a r t  of reference 
burs t s ,  and of the  spacing between reference burs t s  is es tabl i shed 
by the  output of a sepa ra te  1350 Hz tone wheel generator  (90th harmonic 
of  the  antenna r o t a t i o n ) .  The Reference Group Generator s h a l l  u t i l i z e  
the output  of t h e  1350 Hz tane wheel generator  i n  c m j u n c t i m  with 
north and a u x i l i a r y  t r i g g e r s  for  ga t ing  purposes to provide north and 
a u x i l i a r y  reference groups i n  the required sequence. 

6-3.4.6.3.1 TACAN azimuth fa i lu re . -  Autanatic  means s h a l l  be provided 
lo r  d l s c r m n a t l c n  of north and a u x i l i a r y  reference input wlses i n  
respmse to c e r t a i n  alarm a c t i o n  by the  k n i t o r  (s) (pa& 7-of t h i s  
s p e c i f i c a t i o n )  r e s u l t i n g  i n  the  h e d i a t e  c e s s a t a t i m  of t r a n s m i t t a l  
of  azimuth reference groups by the  t ransmit ter .  



6-3.4.6.4 Reference trigger pulse characteristics. - The follawing 
defines characteristics of the (GFE) TACAN antenna trigger pulses. 

6-3.4.6.4.1 Waveform and amplitude.- The amplitude of trigger pulses - 
will be 17.5 + 3.5 volts peak-to-peak with the positive excursion cccuring 
first and wit5 positive and negative excursions equal within 25%. 
The pulse width as measured £ran positive peak to negative peak is 
100, (-20, +0) used. In all future references the time of a pulse is 
measured at negative-going zero crossover. Proper termination resistance 
shall be 4.7 thousand ohms shlunted by a capacitance of 0.01 uf. 

6-3.4.6.4.2 Adjacent trigger pulses have a spacing 
corresponding to 40.0 + 0.1 of antenna rotation. Additionally auxiliary 
reference triggers foliaw the north reference trigger at intervals 
corresponding to n 40.0 - + O.1° of antenna rotation. 

6-3.4.6.4.3 Reference pulse qenerator 1oadinq.- One cable (FG-62B/U) 
shall be provided frm the TACAN antenna into the ground station equip 
ment cabinet for each (north and auxiliary) trigger pulse input. The 
TXAN equipment contractor shall provide for distribution of the triggers 
to individual transponder(s) and mnitor(s) and other units (if used). 
The termination updance (6-3.4.6.4.1) shall be assumed to represent 
that of a dual TACAN configuration. Dunmy terminations shall be provided, 
if necessary, for operation in the single configuration. 

6-3.4.6.5 1350Hz tone wheel qenerator characteristics.- The 1350 Hz 
tone wheel generator provides an output level of 0.9 to 1.3 volts 
when terminated in a load of 4.7 thousand ohms shunted by 0.006 uf 
The amplitude is essentially sinusoidal with harmnics of the 1350 
Hz fundamental (root sum squared) not exceeding 10%. The amplitude 
of sub-hamnics (e.g. 15 Hz due to lack of perfect circularity of 
the tone wheel) is 15% or less. A single cable (FG-62B/U) shall be 
provided £ram the TACAN antenna into the ground station equipment 
cabinet for the 1350 Hz tone. The TACAN equipment antractor shall 
provide for distribution of the tone to the required individual units 
of the transponder (s) , mnitors, and and other units (if used) . The 
termination kpedance stated above shall be assumed to represent that 
of a dual TXAN configuration. Durrury terminations shall be provided, 
if necessary, for operation in the single con£ iguration. 

6-3.4.6.5.1 Rem;>val of 1350 Hz input.- mans shall be provided for 
autamatic disconnection of the 1350 Hz tone wheel input in response 
to certain alarm action by the mnitor (s) (Part 7 ofL this specification) . 
6-3.4.7 Transmitter and associated circuitry.- Each DME/TACAN trans- 
mi t tef and as- iated dulator and p e r  supply circuits shall provide 
the follwing performance and output signal characteristics. 



6-3.4.7.1.1 Pulse  shape.- The r f  envelope of each pulse,  as de tec ted  
by a l i n e a r  d e t e c t o r ,  s h a l l  have a smoothly rounded shape f a l l i n g  
wi th in  the  following l i m i t s .  (These l i m i t s  shall mt apply to the  
J24E t r ansmi t t e r  when operated as a d r i v e r  to t h e  TACAN F i n a l  Amplifier 
6-3.4.7.2). 

6-3.4.7.1.1.1 Pulse  rise time.- The r i s e  time s h a l l  be 2.5 (+0.5, - Tu) us. 

6-3.4.7.1.1.2 Pulse  top.- The instantaneous amplitude of  t h e  pulse  
s h a z  no t ,  a t  any i n s t a n t  between the  p o i n t  an t h e  leadinq edqe which 
is 95 pe rcen t  o f  t h e  maximum vol tage  amplitude and t h e  po in t  the 
t r a i l i n g  edge which is 95 percent  of t h e  maximum vol tage  amplitude, 
f a l l  belcw a value which is 95 percent  of t h e  maximum vol tage  amplitude. 

6-3.4.7.1.1.3 Pulse  durat ion.-  The p l s e  dura t ion  s h a l l  be 3.5 (+0.5) 
I 

us. 

6-3.4.7 .l. 1.4 Pulse  decay time. - The decay t i m e  s h a l l  be 2.5 (+0.5, - 1.U) us. 

6-3.4.7-1.2 Power cutput . -  The p e r  cu tpu t  a t  t h e  peak of  each pulse  
s h a l l  no t  be less than a f e v e l  of  1000 watts as measured a t  the  ou tpu t  
o f  t he  equipment cab ine t  ( inc luding  losses i n  the  t r a n s f e r  switch of 
t h e  F a c i l i t y  Cont ro l  and Transfer  Equipnent (FCT of P a r t  8 of  t h i s  
s p e c i f i c a t i o n )  . 
6-3.4.7.1.3 Pulse  p e r  var ia t ion . -  The d i f f e r e n c e  i n  - p e r  l e v e l  
a t  the peak of t k " - c o n s t i t u e n t  pulses  of  any pulse  p a i r  s h a l l  no t  
exceed 1 dB. Addi t ional  anp l i tude  modulation of  t h e  output  pulse  t r a i n  
s h a l l  not exceed 5 percent .  (See also 6-3.4.7.2.3 f o r  azimuth r e fe rence  
group droop and recovery t ime) .  

6-3.4.7.1.4 RF output  control . -  k a n s  s h a l l  be provided to permit 
continuous adjustment or t h e  r f  output  power of the  transponder through- 
o u t  a range of 0 to -6 dB r e l a t i v e  to p e r  l e v e l  s p e c i f i e d  i n  paragraph 
6-3.4.7.1.2. A l l  transponder output  s i g n a l  requirements of  paragraph 
6-3.4.7.1.1 e t  seq shall be met throughout t h e  spec i f i ed  range of p e r  
output  l e v e l s  without the  need f o r  readjustment of  any o ther  con t ro l s .  

6-3.4.7.1.5 Tuning and spur ious  cutput.-  The tuning of  all r f  s t a g e s  
s h a l l  be s t r a lqh t to rward  ard tree ot arnbiquities.  There s h a l l  be no 
spur ious  cu tpu t  or parasitic o s c i l l a t i o n s - i n  any s t a g e  for  any cam- 
b i n a t i c n  of tuning c o n t r o l  p o s i t i o n s  with e i t h e r  normal or subnormal 
e x c i t a t i o n  condtions. 



6-3.4.7.1.6 RF' pu lse  s i g n a l  spectrum- The pulse  s i g n a l  spectrum of  
the  t ransmi t te r  output  s igna l  s h a l l  be such t h a t  the  power contained 
i n  a 0.50 MHz band centered on frequencies 0.80 MHz abuve and below 
the nominal reply  frequency is i n  each case a t  a l e v e l  which is not  
less than 47 dB belaw the  power contained in  a 0.50 MHz band centered 
cn  the minal reply  frequency. The p m r  contained i n  a 0.50 MHz 
band centered cn frequencies 2.0 MHz a b w e  and belaw the  naninal  reply  
frequency s h a l l  i n  each case be a t  a l e v e l  which is not less than 67 
dB belcw the pwer contained in  a 0.50 MHz band centered m t he  m i n a l  
reply  frequency. All other  l i k e  bands of the spectrum which are f u r t h e r  
remved £ran the reply  frequency s h a l l  have lower l e v e l s  of p e r  
the re in  than the  adjacent  band nearer the  reply  frequency. (The above 
dB ratios s h a l l  apply when the  transponder is del iver ing  1000 wat ts  
of peak p e r .  For any higher peak p w r  output ,  t he  minimum dB r a t i o s  
s h a l l  be i r r r eased  propor t ionate ly  . . . e. g. ,  f o r  an output  p e r  of 
1250 watts  the  dB r a t i o s  s h a l l  be 48 and 68 dB i n  l i e u  of 47 dB and 
67 dB. Cmverse ly ,  fo r  the  r e d u c d  power l e v e l s  spec i f i ed  i n  paragraph 
6-3.4.7.1.4 the dB r a t i c s  s h a l l  be reduced p ropor t iona te ly ) .  The 
foregoing requirements s h a l l  not  apply to the  DIE t ransmi t te r  when 
operated as a dr iver  to the  T A M  F i n a l  Amplifier (6-3.4.7.2) . 
6-3.4.7.1.7 Spurious output.- A t  a l l  f requencies £ran 27 to 1660 M H z ,  
b u t  e x c l u d l q  the  band ot frequencies f r m  960 to 1215 MHz, the  spur ious  
output  as measured a t  t he  antenna transmission l i n e  connector s h a l l  
not-exceed -40 dBm/kHz of receiver  bandwidth. For purposes of determining 
compliance, measurement s h a l l  be made using a receiver  having a 6 
dB bandwidth not g r e a t e r  than 100 kHz. 

6-3.4.7.1.8 Inter-pulse cutput  level.-  The r f  output  l e v e l  during 
the l n t e r v a l  between occurrence of the des i red  pulse p a i r s  s h a l l  not  
exceed a l e v e l  which is 80 dB bebow the  maximum pver l e v e l  during 
the  pulse. In  addi t ion ,  between the pulses  of each p a i r  t he re  s h a l l  
be an i n t e r v a l  of 1.0 microsecond or g rea te r  length during which the 
r f  output  l e v e l  does not exceed a l e v e l  which is 50 dB belcw the  maximum 
power l e v e l  of each pulse.  

6-3.4.7.1.9 Retr iggerinq of transponder.- Pulse  energy £ran a t rans-  
ponder s h a l l  not r e s u l t  i n  r e t r i g g e r l q  of the  transponder. 

6-3.4.7.1.10 Duty cycle.- The t r ansmi t t e r  s h a l l  have a capaci ty  f o r  
p r o v i d l q  as many as 12,100 s i n g l e  pulses  per second (5000 + 150 reply  
pulse  p a i r s  p l u s  900 azimuth pulse  p a i r s  when operated as aEdriver 
to the  TACAN F i n a l  Amplif ier)  . 
6-3.4.7.1.11 Duty cyc le  wer load protec t ion .  - Means s h a l l  be provided 
b p r o t e c t  e q u l p e n t  canpments  aga ins t  the e f f e c t  of excess ive ly  high 
trar~sponder cutput  pulse  r a t e s  caused by m l f  unction of q u i t t e r ,  
i d e n t i f i c a t i o n ,  or rece iver  AGR c i r c u i t s  (6-3.4.3.12). 



6-3.4.7-1.12 TACAN F i n a l  Amplifier d r i v e r  appl ica t ion . -  Wans s h a l l  
be provlded withln t h e  tMI3 transmitter arrl associated modulator circuits 
f o r - t h e  changing of  output  pulse l e v e l s  and shapes £ran those required 
to produce the s p e c i f i e d  RF output  s i g n a l  c h a r a c t e r i s t i c s  to a KME 
antenna to those required f o r  d r iv ing  the  TAM F i n a l  Amplifier (6- 
3.4.7.2). 

6-3.4.7.2 T A M  FinalAmp1if ier . -  The TAW F i n a l  Amplifier and its 
asscc la t ed  power supply ard modulator circuits when operated i n  conjunc- 
t i o n  with t h e  DIE t r ansmi t t e r  (6-3.4.7.1) as an R F  d r i v e r ,  s h a l l  provide 
a l l  of the  requirements s p e c i f i e d  f o r  t h e  DME t r ansmi t t e r  except  f o r  
higher power cu tpu t  and improved spectrum c o n t r o l  and requirements 
a s s m i a t e d  with azimuth reference  pulse  droop ard recovery time. 

6-3.4.7.2.1 Power cutput.- The pcxJer cu tpu t  at  the  peak of each pulse  
s h a l l  not  be less than a l e v e l  o f  5000 watts as measured a t  the output  
of  t h e  equipnent cabine t  a t  which connection is made to the  'CAW antenna 
c o a x i a l  cable.  

6-3.4.7.2.2 RF pu l se  s i g n a l  spectrum.- S i g n a l  spectrum requirement 
s h a l l  be as s t a t e d  In Dara. 6-3.4. '1.1.6 except  t h a t  each l e v e l  s t a t e d  
t h e r e i n  is increased & a f a c t o r  of 3 dB (e.;. 47 dB becomes 50 dB 
etc) and t h a t  re ference  to "1000 watts"  is changed to 5000 watts" and 
re fe rence  to "1250 watts"  is changed to "6000 watts" .  

6-3.4.7.2.3 Azimuth reference  group droop and recovery time.- The 
average amplitude ot any pulse p a x  wl th ln  a north or aux l l a ry  re ference  
pu l se  train (or the  amplitude of any s i n g l e  pulse  i n  t h e  case of  "Y" 
channel) shall not dev ia t e  £ran the average peak amplitude of t h e  pulse  
t r a i n  by mre than +2.0 percent .  Addi t ional ly  the  recovery time following 
t r a n s m i t t a l  of  the  -p~lse t r a i n  s h a l l  be such t h a t  t h e  135 Hz carrponent 
o f  amplitude d u l a t i o n  s h a l l  not  introduce an e r r o r  of mre than 0.2 
degrees,  f o r  135 Hz modulaticn depths  by the  antenna of  10.0 pe rcen t  
and g r e a t e r .  (Canpliance with the azimuth error requirement may be 
demonstrated by c a l c u l a t i m  of t h e  135 Hz c w o n e n t  by Four ier  Analys is  
o f  t h e  transponder cu tpu t  envelope w e r  a period of 1/15 second).  

The r e q u i r e m n t s  f o r  droop m t r o l  s h a l l  be met through t h e  use of 
ad jus t ab le  canpensating c i r c u i t r y .  The range of adjustment s h a l l  be 
adequate to minimize the  amplitude of  t h e  135 Hz ccrrcpcnent due to droop 
and recovery time. The system design s h a l l  consider  the sepa ra t e  
c o n t r i b u t i o n  of the Azimuth Reference Group Generator m u l e  (6-3.4.6), 
Coder (6-3.4.4), and DME Transmi t te r  (6-3.4.7.1), as ell as t h e  T A M  
f i n a l  ampl i f i e r  i n  p r w i d i n g  a transponder meeting these werall  require-  
ments with canpensa t im,  i f  necessary, pruvided i n  thcse  circuits where 
mst econanical  and e f f e c t i v e .  

6-3.4.7.2.4 RF Protect ion.-  Adequate p r o t e c t i o n  s h a l l  be provided i n  
RF a m p l i f i e r s  (6-3.4.7.1 and 6-3.4.7.2) to prevent  loss of  a c t i v e  d e v i c e ( s )  
i n  event  o f  f a i l u r e  of  any o t h e r  a c t i v e  d e v i c e ( s ) ,  o r  f o r  any degree of 
mismatch ( inc luding  open o r  s h o r t )  a t  any p i n t  on t h e  ou tpu t  t ransmiss ion  
l i n e .  



6-3.4.7.2.5 Modular design.- I n  order  to achieve t h e  required p e r  
output  by means of so l id - s t a t e  techniques, t h e  'ACAN f i n a l  ampl i f i e r  
s h a l l  emplqr a n&r of i nd iv idua l  RF power q l i f  ier rrcdules opera t ing  
i n  a c t i v e  p a r a l l e l  (see paragraphs 1-3.2.19.3 and 1-3.2.20 of  P a r t  
1) . For purposes of  r e l i a b i l i t y  c a l c u l a t i o n  the T A W  f i n a l  ampl i f i e r  
s h a l l  be considered to have f a i l e d  when such number of  i nd iv idua l  modules 
has f a i l e d  as to reduce t h e  transmitter power cu tpu t  to a l e v e l  which 
is at  or belm a l e v e l  which is 3.0 dB belcw t h e  i n i t i a l  value. Means 
s h a l l  b e  provided f o r  maintenance m n i t o r i n g  of  each rrcdule (see paragraph 
1-3.4.4.2 of  P a r t  1). The number of modules is not spec i f i ed  here in ,  
however the  equipment o f f e ro r  s h a l l  propose t h a t  design which provides 
not cn ly  the spec i f i ed  r e l i a b i l i t y  but which is most economically e f f i c i e n t  
i n  terms of i n i t i a l  e q u i p e n t  cost and l i f e  c y c l e  cost of replacement. 

6-4.1 General.- See sec t ion  1-4 o f  P a r t  1 

6-4.2.1 Normal conditions.- 

Requirement Paragraph 

DC input  vol tage  6-3.3.3 
Rece i ver recovery time 6-3.4.3.4 
Shor t  d i s t ance  echos 6-3.4.3.5.1 
D e s e n s i t i z a t i m  by adjacent  channel i n t e r r o g a t i c n  6-3.4.3.7.1.3 
In t e r f e rence  suppression 6-3.4.3.9 
S q u i t t e r  pulse  d i s t r i b u t i m  6-3.4.3.U 
Autcmatic Gain reduct ion ( a v a i l a b l e  ga in  reductim)6-3.4.3.12 
Reference pulse  generator  loading 6-3.4.6.4.3 
1350 Hz tone wheel genera tor  l a d i n g  6-3.4.6.5 
Pulse t r a i n  amplitude modula t im 6-3.4.7.1.3 
Tuning and spur ious  output  6-3.4.7.1.5 
Spurious output  6-3.4.7.1.7 
In ter -pulse  cu tpu t  l e v e l  6-3.4.7.1.8 
Azimuth d r q  a d  recovery time 6-3.4.7.2.3 

6-4.2.2 Serv ice  Conditions.- 

Requ ir  ernent Paragraph 

Reply delay v a r i a t i o n  6-3.4.3.7.3(b) 

I n  add i t ion  ta t he  abwe test, me s e r v i c e  condi t ion  test s h a l l  be 
conducted as i n  6-4.3.2 (Type Tes t s ,  Se rv ice  Conditions) with t h e  
equipnent i n i t i a l l y  ad jus ted  f o r  opera t ion  a t  Increased T r a f f i c  Hand- 
l iq (6-3.4.7.1.10) (AGR adjus ted  f o r  5000 + 150 pu l se  p a i r s  per  second. - 



6-4.3 T m  Tests 

6-4.3.1 Normal conditions.- 

Requirement Paragraph 

Broad band operation 6-3.4.1.1 
RF Tuning 6-3.4.1.2 
Duplexer 6-3.4.3 
LCplg distance echoes (range of adjustment) 6-3.4.3.5.2 
Desensitization by C.W. 6-3.4.3.7.1 
Reply delay var iaticn 6-3.4.3.7.3 (c) (d) 
Pulse width discrimination 6-3.4.3.7.4 
Reply efficiency (increased traffic handling) 6-3.4.3.8.2 
Receiver sensitivity range of adjustment 6-3.4.3.10 
Autmatic Gain Reduction (increased traffic handling)6-3.4.3.12 

6-4.3.2 Service conditions.- The following tests shall be conducted with 
h adjusted for Z I U U  + YU pulse pairs per second: 

Requir emnt 

Stabilization of Performance Character istics 
Frequency stability 
DE traffic load mnitoring 
Receiver sensitivity 

Sensitivity to adjacent channel 
Reply delay var ia t ion 
Reply efficiency 
Effect of traffic loading 
AGR operation 
Pulse coding tolerance 
Identification signal 
Identification keying 
Reference burst (spacimj and aunt) 
TACAN azimuth failure 
Rmval of 1350 Hz input 
Pulse shape (DME Transmitter) 
Pulse shape (TACAN Final Amplifier) 
Power output (INE Transmitter) 
Pulse pair p e r  variation (CPIIE Transmitter) 
Pulse pair power variation (TACAN Final Amplifier) 
Spec tr urn (m Transmitter ) 
TACAN final amp1 i f ier dr iver 
Pawer cutput (TACAN Final Amplifier) 
Spectrum (TACAN F i ~ l  Amplifier) 

Paragraph 

6-3.3.4 
6-3.4.3.1 
6-3.4.3.6 
6-3.4.3.7.1 
6-3.4.3.7.1.1 
6-3.4.3.7.1.2 
6-3.4.3.7.2 
6-3.4.3.7.3 (a) 
6-3.4.3.8.1 
6-3.4.3.11.1 
6-3.4.3.12 and 6-3.4.3.12.1 
6-3.4.4.2 
6-3.4.4.5 
6-3.4.5 
6-3.4.6 
6-3.4.6.3.1 
6-3.4.6.5.1 
6-3.4.7.1.1 
6-3.4.7.1.1 
6-3.4.7.1.2 
6-3.4.7.1.3 
6-3.4.7.1.3 
6-3.4.7.1.6 
6-3.4.7.1.12 
6-3.4.7.2.1 
6-3.4.7.2.2 



6-4.4 Production tests.- Production tests s h a l l  include a l l  test 
s p e c l t i e d  under 6-4.2.2 above except  under normal test corditions and 
except  fo r  t h e  following deletions/changes : 

Requirement Paraqraph Mote - 
Frequency Accuracy 6-3.4.3.1 S t a b i l i t y  not required 
Spec t r  urn 6-3.4.7.1.6 Delete 
Spectrum 6-3.4.7.2.2 Delete 

Addi t ional ly  the follokling tests s h a l l  be conducted: 

&qu ir  ement Par aq raph 

Receiver dead time (range of  adjustment) 6-3.4.3.3 

6-4.5 R e l i a b i l i t y  Demnstrat ion.-  (See 1-4.8.1.1 o f  P a r t  1) . 
6-4.6 Main ta inab i l i t y  Dermst ra t ion . -  (See 1-4.8.1.2 o f  P a r t  1). 

6-5 PREPARATION EQR DELIVERY 

6-5.1 General.- (See Sec t ion  1-5 of  P a r t  1) . 

6-6.1 Note an information items.- The con ten t s  of t h i s  Sec t ion  6 a r e  
m l y  tor the  lntormatlcn of  t h e  i n i t i a t o r  of  the procurement reques t  
and a r e  mt a p a r t  of t he  requirements of t h i s  spec i f i ca t ion .  They are 
not  con t rac t  requirements nor binding m e i t h e r  t h e  Government or t h e  
con t rac to r .  I n  order  fo r  these  terms to become a p a r t  of t h e  r e s u l t i n g  
c o n t r a c t ,  they must be s p e c i f i c a l l y  incorporated i n  the  schedule of t h e  
c o n t r a c t .  Any re l i ance  placed by t h e  con t rac to r  m t h e  information i n  
these  subparagraphs is wholly a t  the  c o n t r a c t o r ' s  awn r i s k .  

6-6.2 Intended use.- See 6-1.2. This  P a r t  6 of the s p e c i f i c a t i o n  should 
not be u t i l l z e d  f o r  procurement of t he  equipnent item described here in  
except  when furnished as part of a crcmplete set of equipnent as defined 
i n  P a r t  1 of s p e c i f i c a t i o n  

6-6.3 (See 6-3.4.1.1.). C m s i d e r a t i o n  should be given to use o f  two 
designs;  me f o r  low band o p e r a t i m  (962 to 1024 MHz), and 

m e  f o r  high band ape ra t ion  (1025 to 1213 MHz) . 

FOR FICXlRE 1 SEE PAQE 23. 



RANDOM PULSE DlSTRI3UTlON LIMITS 
A M I N I M U M  O F  lGOO READINGS O F  T H E  SPACING OF THE 2 7 0 0  RANDOM 
PULSES S H A L L  BE TAKEN. THE DATA MUST 6 E  RECCrOEO TO THE 
NEAREST 2OpSEC INTERVAL. COMPUTE T H E  RELATIVE oCCURENCE -' 
OF E A C H  I N T t R V A L  - 

NlJ!AC!ER OF READINGS I N  I N T E R V A L  - 4, -- 
T O T A L  NUMBER OF READINSS 

OF T H E  5 0  POINTS FALLING B E T W E E N  60 AND IOSpSEC 
( INCLUDING Z E R O S )  - 

AT L E A S T  4 2  k I U S T  F A L L  B E T W E E N  T H E  S O L I D  LINES; 
3 M A Y  FALL G E T W E E N  T H E  UPPER D O T T E D  A N D  SOLID L I N E S .  
3 M A Y  FALL BET WEEN T H E  LOWER 0 0 5 1 6 0  A N D  S C L l D  L I N E S  
2 MAY FALL 0UTS;DE THE D O T T E D  L I N E S .  

5% OF T H E  TQTAL 2 E A D I N G S  M A Y  F A L L  A 3 O V E  I O G O y S E C S .  
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